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SECTION  I 


INTRODUCTION 

Objectives 

The  overall  objective  of  this  work  effort  is  to  characterize  and  specify 
MIL-M-38510  ("General  Specification  for  Microcircuits")  detailed  slash  sheets. 

Generally,  "characterization"  of  a  device  type  includes  several  related  tasks: 

o  Assessment  of  test  parameters,  limits,  and  test  conditions. 

o  Development  of  test  procedures  and  test  circuits  compatible  with 
automatic  test  systems. 

o  Analysis  of  limits  and  verification  of  test  circuits  via  sample 
device  testing  and  data  evaluation. 

o  Assessment  of  device  performance,  identification  of  anomoiies. 

o  Generation  and  verification  of  detailed  burn-in  life  test  circuits 

Concurrent  with  characterization,  detailed  MIL-M-38510  siust:  sheet  development 
includes : 

o  Formulation  of  Table  I,  Electrical  Performance  Characteristics 
selection  of  test  parameters  required  by  military  users  and 
determination  of  test  conditions  3nd  limits,  compatible  with 
automatic  test  methods  and  with  device  yield. 

o  Formulation  of  Table  II,  Electrical  Test  Requirements;  Table  HI, 

Group  A  Inspection;  Table  IV,  Group  C  End  Point  Electrical 
pa rameters. 

o  Design  of  static  and  dynamic  test  circuits,  terminal  connection 
diagrams,  steady-state  power  and  reverse  bias  burn-in  circuits, 
accelerated  burn-in  and  life  test  circuits. 

All  of  the  above  activity  is  either  guided  by  or  reviewed  by  the  ma nufacturers 
of  the  devices  involved,  and  by  Rome  Air  Development  Center  (RADC). 


All  of  the  characterization  and  specification  effort  performed  is  based  upon 
the  fundamental  objectives  of  the  JAN  38510  program  -  namely  quality, 
reliability,  interchangeability,  and  standardization. 


Scope  or  Applied  Effort 

The  specific  Casks  included  in  Lliis  effort  are  the  characterization  and 
specification  of  the  following  generic  device  types: 

o  Peripheral  Drivers 
o  Core  Drivers 
o  Multiplying  DACs 

Original Ly,  sense  amplifiers  and  Line  drivers  were  also  planned  for 
character  izat ion.  hack  of  vendor  interest  and  support  plus  discontinued 
production  by  one  vendor.  Led  to  cancellation  of  that  eftort  and  addition  of 
the  multiplying  DAC  effort. 

Background 

General  Electric  Ordnance  Systems,  one  of  16b  operating  product  departments  ot 
the  General  Electric  Company,  develops  and  produces  precision 

e Lee t romechan i eu 1  and  electronic  military  systems.  Current  activities  include 
development,  design  and  product  ion  oi  fire  control  and  guidance  systems  for 
the  Navy's  TKI DF.NT  Fleet  Ballistic1  Missile  program,  the  ?1K  73  Gun  and  Guided 
Missile  Director  (TARTAR),  the  MR  80  Director  (AEGIS),  the  PHALANX  close-in 
weapon  system,  MK  45  Gun  Mounts,  turret  drive  and  stabilization  systems  for 
the  Arinv's  Infantry  Fighting  Vehicle,  advanced  torpedo  propulsion,  and  jet 
engine  controls. 

As  users  of  microcircuits  for  military  systems,  Ordnance  Systems  has  also 
performed  electrical  characterization  of  certain  linear,  digital,  and 
interface  microcircuits  for  MIL— M— 38510  specification  under  previous  contracts 
to  Rome  Air  Development  Center.  These  specification  acitivities  date  back  to 
1971  and  include  seventeen  separate  contracts. 

General  Electric  began  this  current  effort  in  Nll-M-385io  microcircuits  on 
January  of  1980,  having  previously  completed  similar  characterization  and 
specification  contracts  in  1976  -  1979.  Philosophies  ior  establishing 
parameters,  limits,  and  test  circuits  tor  conventional  devices  like  op  amps, 
comparators,  logic  devices  and  data  converters  were  developed  and  coordinated 
with  RADC,  OF. SC,  and  the  device  manufacturers. 

This  current  effort  extended  past  efforts  to  a  new  class  ot  devices, 
peripheral  drivers  and  memory  core  drivers,  and  thus  established  important 
groundwork  in  the  development  of  automatic  tests  and  speci; ications  tor 
high-speed,  high— voltage/current  logic  drivers. 

Current  1  there  are  approximately  thirty  completed  and  in-process 
li near/interface  slash  sheets  in  the  N1L-M-38510  program.  Six  slash  sheets 
are  devoted  to  op  amps  including  the  bipolar  "standards",  followers,  BLFETs, 
quads,  high-s  lew-rate,  and  lo-power  and  lo-noise  tilKHTs.  Comparators, 
transistor  arrays,  and  precision  timers  are  contained  in  four  slash  sheets,  as 
are  CMOS  and  .1 FET  analog  switches.  Voltage  regulators  are  specified  in  six 
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separate  slash  sheets,  and  precision  voltage  reference  in  teo  others.  Three 
slash  sheets  are  devoted  to  D/A  converters,  and  one  each  to  A/I)  converters, 
sanple/hold  circuits,  peripheral  drivers,  memory  core  drivers,  and  line 
drivers  and  line  receivers. 

Development  of  Slash  Sheets 

A  procedure  for  developing  new  slash  saeets  to  Ml  1.-M-3S310  lias  evolved  through 
negotiations  among  all  concerned  parties.  Device  selection  is  influenced  bv 
user  needs,  which  is  determined  from  the  marketplace  and  from  organized 
committees,  such  as  the  MiLitary  Parts  Control  Group  (MPCAG)  at  DESC,  the  Gil! 
Solid  State  KlA  Device  Committee,  and  the  Mi c roe  I ec i roni cs  Project  Group  of 
Luo  K lec t ran  ius  Systems  Committee  at  AI A.  These  recommendations  are  balanced 
with  manufacturer  recommend.)  t  ions  obtained  via  the  .1C-41  Committee  on  Linear 
Microcircuits.  Devices  of  recent  vintage,  having  high  usage,  multiple 
application  potential  in  military  systems,  proven  performance,  and  two  or  more 
sources  are  given  priority.  Single-sourced  devices  are  acceptable,  especially 
for  hybrid  devices,  although  multiple  sources  are  pre! erred.  Availability  of 
devices,  and  expressed  manufacturer  interest  in  supporting  slash  sheet 
development  are  additional  important  cons  ide  ra  t  i  "its .  Manut  teturvrs  Lvpic.il  ly 
recommend  devices  for  slash  sheet  act  ion  in  aC-4!  Committees,  and  then  eha i r  a 
JC-ii  Subcommittee  for  prepa r a l ion  of  slash  sheet  parameters,  limits,  and  test 
circuits. 

Tue  industry  data  sheet  forms  the  basis  for  the  military  spec i t  icat ion 
parameters  and  limits.  Typically,  such  data  sheets  do  not  specify  all  of  the 
.ecessary  parameters  over  the  military  temperature  range  and  over  the  common 
mode  vo 1 1 age  range.  The  JC-41  Subcommittee,  or  the  device  manufacturer, 
usually  prepares  a  proposed  sp.ee  which  contains  more  information  than  the 
industry  data  sheet.  Conf licting  items  are  negotiated  in  committees  or  via 
direct  contact  with  manufacturers. 

ii,ta  pt'  .viJcs  another  base  for  determining  parameters  and  limits.  Devices  for 
test  are  purchased  iron  distributors  and  are  also  obtained  from  manufacturers 
via  aADC  request.  Test  circuits,  compatible  with  automatic  test  systems,  are 
developed.  The  devices  are  tested  on  a  Tektronix  S32b3  Automatic  Test  System 
at  GK  Ordnance  Systems  Klectronir  Test  Center.  Data  obtained  at  -35°C,  +25°C, 
and  +  1 2 3°G  ambient  is  correlated  to  bench  or  vendor  test  data,  analyzed, 
reduct'd  and  documented  in  data  handbooks.  Recommended  limits  are  compared  to 
the  statistical  sample  data;  parameter  limits  which  are  grossly  inconsistent 
with  the  data  are  readily  idem  i  t  ied. 

Spec  i  f  ica  t  ion  additions,  chang.es,  and  alternate  approaches  are  discussed  at 
the  committee  level.  Device  anomalies  are  identified  in  lab  bench  tests, 
failure  modes  are  also  identified.  User  caution  notes  are  added  to  the 
spec  i  f  ic.it  ion  if  it  is  deemed  appropriate. 

burn-in  circuits  are  usually  recommended  by  the  manufacturer  and  evaluated  by 
KAI.'C  and/or  GKOS  on  the  available  test  samples.  An  objective  is  to  minimize 
the  number  of  external  components  while  stressing  t lie  device  near  its  limits. 
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Rough  draft  copies  of  the  final  slash  sheet  are  prepared  at  CKOS  and  are 
forwaraed  to  RADC  for  review.  DliSC  distributes  copies  of  this  spec  to 
nanuf acturers  and  users  for  final  conineuits.  Following  assessment  of  the 
comments  by  all  concerned  parties,  DliSC  prepares  and  issues  the  slash  sheet. 

Cluiracterizat  ion  Data 

Data  obtained  during  device  characterization  is  usually  published  in  handbook 
form  separate  from  this  document.  Samples  of  the  data  sheets,  histograms,  and 
plots,  are  included  in  this  report.  The  following  data  handbooks  were 
published  during  this  contract  effort: 

Characterization  Data  for  Mlb-M-38510/129,  Peripheral  Drivers 
(Commercial  Types  55450  -  454,  55460  -  464)  Jan  81 

Characterization  Data  for  MI L-M-385 10/ 1 27 ,  CMOS  Multiplying  DACs 
(Commercial  Types  7520,  7521,  7523,  7541)  Jan  81 

Formal  Meetings  Attended  (CF  internal  meetings  not  included) 

JC-41  Committee  on  Linear  ICs 

Feb.  5,  6,  1980  -  Phoenix,  AZ 

June  10,  11,  1980  -  Washington,  DC 

ict.  7,  8,  1980  -  Burlington,  MA 

HA1/C/UE  Meetings 

Jan.  25,  1980  Contract  Plans  Pittsfield,  MA 

Mar.  4,  1980  Contract  Status  &  Plans  Rome,  NT 

Aug.  13,  1980 


SUCTION  II 

A l TOM AT IC  TEST  DEVELOPMENT 


Introduction 

The  Interface  Microcircuits  &  linear  characterization  efforts  required 
the  accumulation  and  subsequent  reduction  of  vast  amounts  of  test  data, 
lor  both  ol  these  tasks,  GE  made  extensive  use  of  a  Tektronix  S-327u 
test  system  and  a  Tektronix  software  development  system.  This  section 
will  describe  the  test  system  and  the  general  approach  to  expanding  its 
capabilities.  A  lew  displays  of  raw  and  of  reduced  data,  which  have  been 
developed  tor  the  device  evaluations,  will  also  be  shown.  Although 
several  ol  the  data  displays  are  somewhat  standardized,  many  of  the 
linear  device  types  required  the  development  of  unique  data  displays  in 
order  to  eifectively  illustrate  device  performance  in  an  easily 
digestible  form. 

Tektronix  S-327'.’.  Test  System  Features 

Tiie  test  system  is  fully  equipped  to  provide  a  state-of-the-art 
engineering  tool  for  device  characterization.  The  CPI  162  System 
Controller  has  the  Date /Tine  Option  that  gives  the  ability  to  store  date 
and  time  information  in  the  directory  and  data  files.  System 
peripherals  include  a  4014  Graphics  Display  Terminal,  two  CPllo  LHsk. 
Drives,  a  CP220  Reader/ Punch,  and  LA  180  Decprinter  I  and  a  4631  Hard 
Copy  "nit. 


For  voltage  and  current  measurement  and  device  stimulation,  the  system 
eonta i ns : 

1SU4  »><•  t  Station,  which  contains  many  test  functions  and  ail 
electronics  to  interface  the  device  under  test  (Dl’T)  to  the  system. 

2D4  3/44  Clock  Generators,  which  provide  10  driving  and  4  comparing 
program lablo  phases . 

Opt  ion  2"  i.'r.veforn  Digitizer,  which  provides  the  capability  of 
converting  ti>00  points  on  a  waveform  to  10-bit  digital  values. 

Once  the  waveform  is  thus  stored  in  memory,  software  can  he  used 
to  determine  such  tilings  as  rise  time,  overshoot,  settling  time, 
e  tc . 

Six  programmable  voltage  sources. 


Two  programmable  current  sources. 


Tenptronix  450A  Temperature  Chamber,  which  allows  programmable 
Db’T  temperatures  from  -oO  deg  C  to  +  160  deg  C. 

ll-KK  Bus  Interface  Card,  which,  allows  the  addition  of  U'.KK  488 
compatible  equipment  to  the  system. 

with  these  hardware  components,  the  test  ;  'stem  has  the  followinj 
i ea t  ores : 

Accommodates  up  to  123  active  pins  ( b4  input,  o4  output) 
Functional  testing  at  2 1.  MHz;  lorco,  compare ,  mask  and  store 
at  20  MHz 

DC  loses:  Differential  volc.ip  measure  :en;  s ;  force  V,  measure  1 
force  I ,  measure  V 

Dynamic  Testing:  repetitive  and.  one-..:,  it  line  measurements; 
functional  preeondit ioaing 

CO/N'O-CC  and  analytical  Lost.  capability 

On-line  interactive  program  de ve l opment 

Digital  waveform  analysis  (l  sample/ picosecond ) 

DVT  environmental  control  (-no  deg  C  to  16C  deg  C) 

Data  logging  anil  reduction.  Computer  graphics  display 

Tektronix  System  Accuracy 

The  linear  test  programs  were  developed  to  utilize  the  internal 
Tektronix  neasarenent/st imulus  hardware  as  much  as  as  possible.  Ho 
for  many  measurements,  the  Tektronix  system  could  not  provide  the 
required  accuracy.  Iri  these  cases,  more  accurate  external  equip/;. i-n 
was  utilized  via  the  IKKK  483  Bus.  Two  disadvantages  in  using  exler 
equipment  are: 

1)  additional  core  is  required  to  store  the  438  bus 
control  routines  and, 

2)  execution  time  for  external  functions  is  significantly 
longer  than  tine  to  execute  internal  Tektronix  functions. 


Table  2.1  lists  instruments  which  are  available  for  use  with  the 
S-3260/70. 

Table  2.1  IEEE-488  Interfaced  Instruments. 


Manufacturer 

Model 

Description 

Fluke 

8502A 

Precision  Digital  Multimeter 

Hewlett  Packard 

3455A 

Precision  Digital  Voltmeter 

Hewlett  Packard 

4  2b  2  A 

LCk  Meter 

Hewlett  Packard 

5328A 

Universal  Counter 

F  luke 

5  1 00A 

Cal ibrator 

Ko  pco 

488-122 

Power  Supply  Programmer 

ICS  Electronics 

4880 

Instrument  Coupler 

Hewlett  Packard 

2240A 

Measurement  and  Control  Processor 

Nor tli  Atlantic 

225 

Phase  Angle  Voltmeter 

Figures  2-1  through  2-13  illustrate  the  accuracies  of  the  internal 
Tektronix  measurement  and  stimulus  functions.  Also,  for  certain  internal 
functions,  the  accuracy  of  the  external  equipment  that  provides  the  same 
function,  is  displayed  for  comparison. 

On  many  occasions,  neither  the  internal  Tektronix  equipment  nor  the 
external  equipment  had  sufficient  accuracy,  or  response  time.  These 
cases  required  test  adapter  circuitry  to  interface  the  device  under  test 
(DL'T)  to  the  test  equipment.  These  cases  will  be  described  in  the 
appropriate  chapters  covering  the  individual  linear  device  types. 

2.4  Correlation 

Testing  linear  devices  on  the  Tektronix  system  has  required  the 
implementation  of  many  new  test  techniques.  Each  new  technique,  whether 
in  the  form  of  adapter  circuitry  or  software,  must  be  verified  as 
accurate.  In  general,  the  first  step  of  verification  was  to  determine 
that  the  technique  is  designed  to  provide  a  measurement  that  is  at  least 
10  to  1  times  more  accurate  than  the  tolerance  of  the  parameters.  For 
instance  a  parameter  of  5.0  volts  plus  or  minus  102  must  be  measured  by 
a  meter  that  is  at  least  accurate  to  plus  or  minus  12  when  measuring  5.0 
vo  1 1  s . 
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Verification  of  accuracy  also  included  comparison  of  data  taken  by  the 
new  technique  to  data  taken  by  an  alternate  method  -  usually  on  a  bench 
circuit.  When  data  from  the  two  techniques  did  not  agree,  an  analysis 
of  error  contributions  was  performed  and  corrections  made  if  it  was  felt 
that  tne  error  was  significant. 

Correlation  ot  Tektronix  test  data  for  peripheral  driver  devices  to 
bench  data  uncovered  some  discrepancies.  One  discrepancy  involved  the 
inaccurate  specification  of  worst  case  test  conditions  for  output 
switching  times.  Correlation  uncovered  the  discrepancy  and  led  to 
recommended  changes  to  the  slash  sheet. 

2.5  Da t  a  Red  uc t ion 

The  presentation  of  test  results  is  extremely  important  in  any 
characterization  effort.  Raw  data  printouts  are  required  for  record, 
hut  are  usually  not  organized  in  a  manner  that  enable,  one  to  scan  them 
to  assess  general  parameter  trends. 

hat  a  Tables. 

For  the  linear  devices,  the  first  step  in  data  reduction  was.  organizing 
raw  data  into  tables.  Figure  2-14  and  2-15  illustrate  two  variations  ot 
data  tables.  Figure  2-14  illustrates  data  taken  from  multiplying  D/A 
devices.  Figure  2-15  is  the  torn  of  table  used  for  the  Peripheral 
Driver  devices.  The  left  hand  entries  indicate  the  test  parameters  and 
test  conditions.  In  Figure  2-14  the  data  from  a  particular  device  is 
entered  in  the  column  beneath  the  temperature  at  which  the  data  was 
taken.  In  Figure  2-15,  the  data  taken  tor  five  devices  at  a  particular 
temperature,  is  entered  in  columns.  Rote  that  in  both  figures  the  low 
test  specification  limit  for  each  parameter  is  on  the  left  of  the  device 
data  and  the  high  specification  linit  is  on  the  right  hand  side  of  the 
data.  Tli is  enables  the  reader  to  more  easily  determine  if  a  measurement 
on  a  device  lies  mathamaf  ic.il  ly  between  the  specii  i,cation  limits. 

Data  S umr.i a r i e s  ,  Line  Graphs 

Data  tables,  for  the  multiplying  D/ A  with  its  large  number  of  data 
points  are  too  voluminous  tor  a  reader  to  mentally  reduce  and  detect 
trends.  The  re  fori-  the  large  quantities  of  data  must  also  be  presented 
in  a  summarized  lorn. 

Figure  2-l(i  is  a  plot  of  linearity  error  (in  l.SUs)  for  all  codes  between 
(i  and  SOD.  The  plot  is  one  of  five  sheets  developed  tor  each  75 20 
multiplying  D/A  device.  The  linearity  plots  were  very  instrumental  in 
verifying  the  effectiveness  of  an  abbreviated  linearity  test  for  7520 
multiplying  D/A  devices.  Although  two  seperate  sheets  were  required 
for  earn  device  under  each  set  ot  operating  conditions,  one  set  ot 
sheets  allows  one  to  quickly  assess  qua l i ta t i ve 1 v ,  the  linearity  error 
ot  1024  codes. 


:  1-4 


Histograms 


Tektronix  software  included  a  basic  histogram  routine  which  was  modified 
by  GE  to  provide  the  variations  shown  in  Figures  2-17  and  2-18.  Figure 
2-18  has  grouped  thirty  devices  according  to  hFE.  The  histogram  di tiers 
iron  the  basic  Tektronix  histogram  in  that  the  bars  are  filled  in  and 
are  separated  by  a  narrow  non-darkened  region.  Figure  2-18,  another 
histogram  variation,  groups  the  codes  from  a  single  multiplying  L)/A 
device,  according  to  the  magnitude  of  each  code's  error.  This  type  of 
plot  is  very  useful  in  comparing  general  linearity  error  characteristics 
of  one  device  to  another. 
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Section  III 


(Characterization  of  Peripheral  Drivers) 


3.1  Introduction 

Devices  lor  interlacing  between  TTL  logic  c.  id  the  outside  world  have 
been  a  requirement  in  military  systems  ior  as  long  as  TTL  logic  has 
been  employed  in  these  systems  The  devices  selected  tor  characteri¬ 
zation  provide  great  f'exibility  in  application.  The  devices  can  be 
used  as  high-speed  logic  buffers,  power  drivers,  relay  drivers,  lamp 
drivers,  MOS  drivers,  line  drivers,  and  memory  drivers.  Table  3-1  gives 
some  specifics  on  the  devices  tested  and  their  relationship  to  the 
military  slash  sheet  device  types. 

Table  3-1  Table  of  Device  Types  Specified. 


Mi litarv 

Oeneric 

Manufacturer 

Peripheral 

Dev  Lee 
Type 

Device 

Type 

Symbol 

Driver 

Description 

12901 

55450 

N,T 

Dual  NAND  gate  and 
(separate) 

transistor 

12902 

55451 

Dual  AND,  gate  and 
connected 

transistor 

12903 

55452 

“* 

Dual  NAND  gate  and 
connected 

transistor 

12  904 

55453 

N,T 

Dual  OR,  gate  and  1 
connected 

t  rans istor 

1 2  9o  5 

55454 

• 

Dual  NOR,  gate  and 
connected 

transistor 

12  906 

55460 

- 

High  voltage  55450 

12907 

35461 

N.T 

High  voltage  55451 

12908 

55462 

- 

High  voltage  55452 

12909 

55463 

N 

High  voltage  55453 

12910 

55464 

- 

High  voltage  55454 

N  =  National  Semiconductor 
T  =  Texas  Instruments 


The  manufacturer  symbol  column  reflects  the  source  of  the  devices 
which  were  characterized. 
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test  system,  The  adapter  has  the  ability  to  test  all  static  and  static 
pulsed  parameters  required  for  characterization  of  the  55450  and  55460 
peripheral  drivers. 


The  adapter  consists  of  Op  Amp  and  transistor  circuitry  used  to  force 
the  proper  pulsed  conditions  on  the  DOT,  while  stimulated  by  the 
S-3270.  Actual  signal  paths  to  the  DUT  are  implemented  by  relay 
control  and  routed  to  the  S-3270  for  testing.  All  other  static  tests 
are  performed  using  the  S-3270  driver  and  measurement  system  capability 

hpE  Tests 

Within  the  "static"  test  parameters,  measurement  of  hpp  was  the  most 
difficult.  Manufacturers'  data  sheets  specify  a  tw  =  300  us  with  a 
duty  cycle  ^  27,.  Bench  testing  indicated  that  hpp  testing  could  be 
accurately  performed  with  t  =  100  us  and  a  duty  ovule  of  2".  The 
data  sheet  specification  allows  time  for  the  servo  circuit  used  in  ii (.j . 
measurements  to  reach  its  final  value.  A  major  convorn  was  to  mini¬ 
mize  the  effect  of  device  self  italic, oil  parameter  measurement  . 


The  Forward  Current  Transfer  Ratio  (hppf  of  the  55450,  55460  peripheral 
driver  is  automated  using  the  circuit  shown  in  Figure  3-4  in  con¬ 
junction  with  the  S-3270  and  the  Tektronix  Waveform  Digitizer  option 
20  (WFDf  . 


iiure  1-4.  |,pp  rest  Circuit. 
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The  criteria  for  measuring  hpE  is  to  force  Vqv  and  Ic  to  predescribed 
levels  while  servoing  the  base  current,  1^  to  achieve  these  levels. 

The  Forward  Current  Transfer  Ratio  hpp  becomes 

hp,,  =  Ic/lK  with  Vqe  constant 

Tiie  V,'c  pulse  level  from  the  S-3270  is  applied  to  one  input  of  the  base 
drive  and  comparator  amplifier  circuit,  Al,  while  the  other  input  to 
amplifier  Al  monitors  the  level  of  the  DUT.  The  output  of  amplifier 

circuit  Al  servos  the  base  current  Ig  until  the  DUT's  voltage 
ecpials  the  input  stimuli  from  the  S-3270.  The  collector  current  I,,  is 
forced  to  the  proper  level  by  the  relationship  of  (V(jp  -  Vr) /Rq>  since 
and  R^i  were  fixed. 

Buffer  amplifier  A2,  senses  the  voltage  drop  across  resistor  RK,  which 
is  proportional  to  the  base  current  Ig„  The  buffer  amplifier  A2  was 
configured  in  a  differential  mode  to  reduce  large  common  mode  voltages 
present  on  Rg  and  to  provide  increased  gain  for  single-ended  measure¬ 
ment  capability  need  by  the  W FIX 

igure  5  —  :>  illustrates  a  digitized  voltage  pulse  from  across  Rg. 


i«e«  r  t  <  '  >  t 


n 


hFEa  =  or.ot) 
Ib  -.J7  aA 

8*«  I,.  3'jw  n A 


igure  3-5.  h,,„  measurement  waveform. 
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The  voltage  translates  to  4.370  mA  of  current.  Since  the  collector 
current  was  at  300  mA,  hpE  is  therefore  68.6. 

The  pulsed  measurement  techniques  were  used  with  vc  of  3  V  at  cur¬ 
rents  lc  of  100  mA  and  300  mA. 

VBE  and  Vce(SAT) 

The  Base  to  Emitter  Voltage  (Vge)  and  the  Collector  to  Emitter 
Saturation  Voltage  (VEE(E^T)  pulsed  parameters  are  measured  by  using 
the  circuit  of  Figure  3-6  for  S-3270  and  WFD  option  20. 
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The  requirements  for  these  tests  are  to  force  a  given  base  drive  and 
collector  drive  current  under  pulsed  conditions,  while  measuring  the 
resultant  base-to-emitter  and  collector-to-emitter  voltages.  These 
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are  accomplished  by  applying  an  S-3270  programmed  voltage  V}.;  to  one 
input  of  comparator  amplifier  A2.  The  other  input  to  amplifier  A2 
monitors  the  voltage  Vjj *  located  a  one  end  of  resistor  Ry,  causing  the 
output  of  A2  to  servo  the  voltage  Vy'  until  it  exactly  equals  the  input 
stimuli  voltage  Vy,  applied  from  the  S-3270.  When  these  conditions 
are  met,  the  DPT  base  current  has  been  forced  to  the  proper  drive  cur¬ 
rent  level  by  the  relationship  of 

■b  -  (VBB  -  V'/Kb 

since  Vyy  and  Ry  are  constants. 

The  collector  current  (l(.)  is  forced  to  the  proper  conditions  in  much 
the  same  way  ns  Ty,  with  the  exception  of  a  much  higher  current  provided 
bv  amplifier  Al.  The  relationship  of  S-3270  input  stimuli  Vg  to 
forcing  current  Ip,  becomes 

>c  =  -  vc’)K(: 

Figure  3-7  illustrates  digitized  waveforms  of  Vggrsvn  and  V,;p  param¬ 
eters  tor  a  tvpical  354;>d  device  using  a  base  current  f(.  -  10  u\  and  a 
collector  current  of  10 J  respectively. 

Vjj  Threshold 

Input  Vjl  threshold  tests  are  developed  for  the  S-3270  rest  system  to 
determine  the  margin  between  guaranteed  Vjy  niaK  =  f  0.8  V  and  the 
actuaL  Vjy  input  switching  point. 

Referring  to  Figure  3-8,  the  tests  weri  implemented  bv  pulsing,  input  A, 
while  sampling  the  output  for  a  change  f  state. 


Device 

Input 


Device 

Output 


Figure  3-d.  Vpy  Threshold  Test. 
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The  initial  Level  start?  at  +  2.0  V  and  each  succeeding  pulse  is 
decremented  bv  -10  mV.  During  the  low  level  or  the  pulse,  t  iie  device 
output  is  sampled  lor  the  state.  If  the  output  fails  to  switch 

during  the  sampling  time,  the  input  pulse  is  returned  to  +-  2.0  V  and  a 
new  pulse,  with  a  level  lowered  by  -  10  mV  is  applied  to  input  A.  This 
process  is  repeated  N  times,  until  the  output  switches  to  Vq^,  at  which 
point  the  Yjj  value  is  recorded 


Y|i[  threshold 


The  input  Vt.j  threshold  tests  are  performed  in  a  similar  manner  to  the 
V 1 1  threshold  tests  with  the  exception  of  the  initial  pulse  level  anl 
the  delta  increment  (refer  to  Figure  3-9). 
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Figure  3-9.  V £j|  Threshold  Tost. 


The  initial  Level  starts  at  4-  0.8  V  and  eacli  succeeding  pulse  is 
incremented  he  +-  L0  mV.  During  tiie  high  level  of  the  pulse,  the 
device  output  is  sampled  for  the  V{1ij  state.  if  the  output  fails  to 
switch  t  •  the  \’(V|  state  during  the  sampling  time,  the  input  pulse  is 
return.1  1  to  *-  0.8  V  and  a  new  pulse,  with  a  level  increased  be  +-  10  mV. 
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This  process  is  repeated  N  times,  until  the  output  switches  to  VQ|j,  at 
which  point  the  V-j-jj  value  is  recorded. 

Ttl.U>  T 1 1  [L s  TPLh,  TpuL 

Transition  times  and  propagation  delay  times  for  device  types  :4-10) 
were  measured  using  the  S-3270  test  system,  the  Tektronix  High  Per¬ 
formance  Option  (1LP0)  and  a  specially  constructed  test  adapter. 

The  ILPO  option  provides  for  high  accuracy  time  measurements,  skew  time 
corrections,  low  device  pin  capacitance  ( < 18  pF)  and  buffered  scope- 
type  compensation  on  all  device  output  pins  connected  to  the  S-3270 
system.  A  simplified  HPO  circuit  diagram  is  shown  in  Figure  3-10, 
indicating  the  different  signal  paths,  attenuators,  and  output  compen¬ 
sating  networks  to  provide  high  accuracy  measurements.  Correction 
factors  such  as  skew  time  between  S-3270  sector  pins,  comparator 
offsets  and  output  compensator  networks  are  all  handled  under  separate 
S-3270  calibration  procedures  to  ensure  integrity  of  the  system. 

Ambiguities  can  occur  as  a  result  of  time  measurements  dependency  on 
supply  voltage,  temperature,  load  circuit  consideration,  layout  and 
test  equipment  inaccuracies .. 

Figure  3-11  is  the  schematic  of  the  load  circuit  for  TTL  gates  that 
was  proposed  by  JC-41. 
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Figure;  3-11.  JC-41  load  circuit  for  TIL  gates. 

Tltis  circuit  is  used  to  simulate  10  standard  TTL  loads.  Comparison  of 
output  waveforms  obtained  with  this  circuit  loading  the  55430  "gate" 
output  versus  10  standard  TTL  gates  loading  the  same  gate  showed 
similar  results.  (See  Figure  S-12A,  15)  . 
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Figure  3-12A 

TpLH  using  JC-41  load  circuit 

Vcc  =  ^*5  V. 


Figure  3- 1 2 li 

Tpin  using  10  TTL  gate  loading 

Vcc,  =  4,5  V 


The  JC-41  load  circuit,  however,  does  not  simulate  worst  case  loading. 
The  400 n  resistor  only  gives  10  times  the  nominal  Iql  at  Vol*  No 
provision  was  made  for  simulating  I0il  loading.  Cl  isn't  high  enough  to 
reflect  the  maximum  input  capacitances  from  a  TTL  gate  (approximately 

5  pF), 

The  JC-41  load  circuit  also  increases  the  ambiguity  in  propagation 
delay  time  measurements. 

Propagation  delay  times  are  measured  at  the  1,5  wit  points  on  the  input 
and  output  waveforms.  The  flat  region  in  the  output  waveform  occurs 
near  1.5  V.  Propagation  delay  times  can  vary  by  as  much  as  4  ns  as  a 
result  of  placing  the  output  decision  point  on  the  low  side  or  the 
high  side  of  the  flat  region  in  the  output  waveform.  This  is  clearly 
unacceptable , 

The  circuit  shown  in  Figure  3-13  has  been  used  as  the  load  circuit  for 
testing  the  TTL  gate  portion  of  the  peripheral  driver  ICs. 
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Figure  3-13.  Recommended  TTL  gate  load  circuit. 

This  circuit  eliminates  the  ambiguity  in  propagation  delay  measurements 
and  also  stimulates  worst  case  loading.  Cl  was  raised  to  give  a 
realistic  value  for  ten  TTL  gate  input  capacitances  (5  pF/input)  .  Rp 
was  added  to  give  10  x  IiHMAX  •  R2  is  selected  to  give  IG  =  10  x  IiLMAX 

at  VoLMAX- 

Figure  3-14  shows  the  output  waveforms  that  result  after  changing  the 
load  to  the  recommended  configuration. 

Figure  3-14 

TpLH  using  recommended 
load  circuit 

VCC  =4‘5V 


This  additional  load  capacitance  increases  TpL^>  anc*  the  flat  region 
previously  noted  is  eliminated  because  reverse  recovery  in  Dl  occurs 
through  a  higher  effective  impedance.  This  eliminates  the  propagation 
delay  measured  ambiguity. 

Switching  time  measurements  for  the  output  transistors  and  for  the 
complete  peripheral  drivers  were  also  measured  with  a  Cl  =  50  pF  to 
reflect  a  more  realistic  value  of  load  capacitance. 

Supply  voltage  variations  from  4.3  V  to  3.3  V  have  resulted  in  vari¬ 
ations  in  switching  time  measurements  of  up  to  2  ns.  The  majority  of 
devices  exhibit  slowest  switching  action  at  =  4.5  V  so  this  has 
been  selected  for  these  measurements. 
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<efer  to  Figure  3-15  tor  a  graph  of  Lvpical  variation  in  switching 
parameters  with  Vcc- 
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figure  3-15  F  v,;  vs 

Transition  time  tests  were  the  most  difficult  to  implement,  since  they 
involved  switching  times  in  the  order  of  10  ns  or  less.  Careful  con¬ 
sideration  to  the  test  adapter  layout,  inductance,  capacitance  and 
grounding  were  critical  to  ensure  that  clean  output  switching  waveforms 
could  be  achieved. 

Figure  3-16  shows  typical  output  transition  waveforms  from  three  dif¬ 
ferent  vendors. 

It  should  be  noted  that  the  output  transitions  are  different  in  the 
807  -  1007.  and  0?.  -  20%  regions  for  each  vendor. 

Correlation  of  S-3270  transition  and  propagation  time  data  to  bench 
data  was  verified  by  using  three  independent  methods.  These  verifi¬ 
cation  methods  are  as  follows: 

1)  Measure  'lata  on  bench  circuit  using  oscilloscope. 

2)  Measure  S-3270  test  adapter  on  bench  using  oscilloscope. 

3)  Measure  S-3270  test  adapter  on  S-3270  test  system  using 
oscilloscope , 
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Figure  3 
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3.4  Test  Results  and  Data 

A  total  of  85  peripheral  drivers  were  tested  on  GEOS'  Tektronix  S-3270. 
Each  device  was  sequentially  tested  at  25°C,  -55°C  and  125°C. 

A  typical  data  sheet  for  a  group  of  55450  devices  is  shown  in  Table 
3-4.  Data  for  up  to  5  devices  is  displayed  on  a  single  sheet.  This 
method  simplifies  comparison  of  different  devices  at  a  single  tempera¬ 
tures  „ 

The  data  was  also  recorded  in  the  form  of  histograms  for  selected 
parameters  at  three  temperatures.  (A  sample  histogram  is  given  in 
Table  3-5.)  Included  were  the  following: 
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This  data  was  published  in  January  1981  for  RADC  in  a  211  pg  handbook 
ent it  led : 


Characterization  Data  for  MIL-M-38510/129 
Peripheral  Drivers 
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(55450,  -451,  -452,  -453,  -454 
55460,  -461,  -462,  -463,  -464) 

Sample  data  sheets  and  histograms  have  been  included  in  the  Appendix. 
1.5  Discussion  of  Results 

Most  of  the  test  data  taken  on  the  55450/55460  family  of  peripheral 
drivers  was  within  the  limits  proposed  by  the  JC-41  Committee  The 
exceptions  were  the  result  of  changes  in  test  conditions  (for  example, 
changing  the  load  circuit  for  timing  tests) .  Although  data  on  a 
number  of  parameters  fell  within  a  relatively  tight  spread  relative  to 
the  test  limits,  no  attempt  was  made  to  tighten  the  test  limits  due  to 
the  relatively  small  number  of  device  samples.  The  exceptions  are 
noted  below. 

Short-circuit  output  current  (log) 

As  originally  specified,  the  IqsmIN  specification  was  tested  at  V^uma.K 
but  IQSMIN  i-s  lower  at  To  ensure  that  Ipg  would  be  within  the 

test  limits  over  the  full  supply  voltage  range,  I os Ml N  is  tested  at 
VCCM1N  and  I0SM\X  is  tested  at  VccMAX* 

Threshold  Voltage  (Vp) 


Threshold  testing  of  the  peripheral  drivers  gave  results  that  were 
within  the  expected  range  of  values.  The  nominal  Vp  was  approximately 
1.3  volts  at  T/p  =  25°C  with  a  d  Vp/dT^  approximately  -3  mV/t'C.  Thi.s 
agrees  well  with  measured  Vp  values  for  standard  TTL. 

breakdown  Voltage,  V(;B0,  VcER>  VEBO 

In  all  devices  tested,  VcBO  was  greater  than  17  volts  (or  nearly  50?) 
above  the  minimum  breakdown  limit.  For  Vp-gp,  all  of  the  devices  were 
greater  then  22  volts  above  the  minimum  test  limit. 

Vendor  A  showed  slightly  lower  V|ruo  than  Vendor  B  (approximately  .5 
volts  lower  on  the  average) . 

There  were  no  significant  trends  observed  in  breakdown  voltages  versus 
temperature. 

All  breakdown  voltages  were  taken  with  the  substraits  pin  floating. 
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Static  iorwarJ  Current  Transfer  Ratio  (hpg) 


The  JC-41  Committee  test  conditions  specify  that  hpE  is  to  be  measured 
under  pulsed  conditions  with  tw  =  300  us  and  a  duty  cycle  <  27,.  The 
devices  were  tested  over  a  ranine  of  values  for  tw  with  the  duty  cycle 
fixed  at  2,7  with  negligible  changes  in  the  measured  values.  Tw  was 
changed  to  tw  =  100  us  to  simplify  test  hardware. 

At  =  25° ,  all  measured  h.^s' exceeded  the  minimum  test  limit  by 
greater  than  two  to  one.  As  expected,  hp£  tended  to  increase  with 
increasing  temperature  over  the  full  temperature  range.  In  all  cases, 
the  devices  tested  exceeded  the  minimum  test  limit  by  a  reasonable 
marg in 


3.6  Slash  Sheet  Development 

The  military  specification  (MIL-M-38510  slash  sheet)  on  the  peripheral 
drivers  was  developed  in  parallel  with  the  characterization  effort. 

The  majority  of  the  slash  sheet  Table  I  parameters  and  limits  were 
recommended  by  the  JC-41  Committee  on  Linear  Integrated  Circuits.  The 
major  changes  occurred  in  the  switching  time  test  load  circuit  and  the 
Vcc  specification  for  the  switching  tests.  As  a  result,  the  switching 
parameter  test  limits  were  relaxed  as  needed  to  accommodate  the  new 
test  conditions,  Also,  the  IQg  testing  is  now  specified  at  both 
extremes  in  supply  voltage  in  order  to  have  the  test  data  reflect  the 
worst  case, 

3.7  Conclusions  anJ  kocommendat ions 

85  generic  55450/460  peripheral  drivers  were  tested  on  CEOS'  S-3270  to 
characterize  their  electrical  parameters.  Bench  data  was  taken  to 
validate  S-3270  operation.  With  the  exception  of  switching  time 
parameters,  the  devices  were  welt  within  the  test  limits. 

The  switching  time  of  the  devices  was  slowed  as  a  r*  v  It  of  the  revised 
test  conditions.  The  test  limits  for  these  parameters  have  been 
widened  to  accommodate  the  test  changes. 
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APPENDIX  -  SECTION  III 
PERIPHERAL  DRIVERS  DATA 
SHEETS  ANI  HIST  OS  RAMS 
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SKCT ION  IV 


MEMORY  CORK  DRIVERS 
M  1  1.-M-385 10/  130 


lntroduc L Lon 

The  >l>323/32t>/327  Lasnily  of  memory  core  drivers  i  s  i  Ik-  Lirst  line  oi 
core  drivers  to  bo  ciiarac  tor  ized  tor  RADC.  Ba.-od  on  i i i  a. i >  previous 
utilisation  oi  these  devices  in  military  sys  Lems ,  both  h  >:as 
Instruments  and  Eairciiild  Semiconductor  recommended  eharae  t  e  r  i;;a  t  ion 
o  l.  these  devices.  It  is  expected,  however,  that  usa?;e  in  now  military 
sys  terns  will  be  on  a  dee  line  „  Table  4-1  gives  so-.-.ie  spec  i  1  to  on  Lno 
devices  tested  and  their  relationship  to  the  military  slash  shoot 
device  types. 


fable  4-1  Table  of  Device  Types  Specified 


Dev  ice 

(\*  iu  r  ic 

Manul’ac  ture r 

On t  put 

Type 

iype 

Symbol 

ConL iguru L ion 

1 50-01 

>332  5 

E,  f 

Dual 

source  and  dual 

Ink 

130-02 

)  )  )  2  o 

f,  f 

Quad 

-  Ink 

l  .30-03 

>532  7 

E,  f 

Quad 

SOU  L'  CO 

K  =  Eairciiild  Semico  nduc  tor  i  d  iseont  inuei!  mid-IDSiM 
T  -  Texas  Instruments 


The  manufacturer  symbol  column  ret  lee  ts  the  source  ot  liu  devices 
which  weia  to  be  ciiarac  le  r  i.  oil .  Other  vendors  produce  the  >33.2  5 
but  wort  not  included  in  the  character  i;-:at  ion  cii'ort  .  i.ne«.  tiiev  did 
not  express  interest  in  the  device-',  EiireiiiKl  memory  core  d  rivers 
we  re  characterised.  flic  a-  devices  were  discontinued  In-  Fairchild 
alter  character  i  :it  ion.  lexa--  n.- 1  male  ill  '  s  components  Were 
received  too  l.if«.  to  hi  ciiarac  to  r  i.;-.ed  . 

De-oripiion  of  Device  Types 

file  >'>  V2‘>/  32»>/  327  lamile  oi  devices  provide  ODD  mA  of  source  or  -in 
c.tpabi  l  it  y  lor  memory  core  driver  applications.  T'.lock  d  ia /.rants  of 
the  var  ious  devices  are  given  in  Figure  4-1,  and  iletai  led  schematic 
are  given  in  F  i  ,>ure  *-2.  file  input  circuit  ol  tile  con  d  r  ivers  ie- 
ideiit  real  to  1 1  i  .  i  L  um.  d  in  a  standard  ITL  gate.  however,  the  tote1-.-, 
po  i  e  driver  and  the  output  stage  are  designed  dii  lereiit  ly  in  order 
to  deliver  u  iglter  output  currents ,  to  provide  level  translation  fro; 
••  t  and  a  rd  Til.  I  eve  1  to  higher  output  voltages,  and  Lo  provide  a 
v.etliod  oi  contro  Hi  tty,  nuix  imtmi  output  current. 


The  primary  difference  between  the  35325,  5532b  and  the  35327 
memory  core  drivers  is  their  output  arrangement.  The  53323  provides 
two  source  and  two  sink  outputs.  The  55326  furnishes  4  sink  outputs 
and  the  35327  has  4  "source  outputs". 

To  s  t  De  v  e  1  o  pme  n  L 

The  test  development  tor  memory  core  drivers  was  similar  to  the  bencli 
test  development  for  peripheral  drivers  (see  Section  3.3i.  Vtj|  ,  Vjl 

V1K’  lf>  !LH’  T1L»  rCC  (off)’  lCCl  and  lCC2  are  tested  in  much  the  ’ 
same  way  as  they  are  Lor  standard  TTL  gates. 

All  other  test  parameters  require  special  consideration,  however, 
since  they  involve  pulse  measurement  techniques  or  high  speed  switch¬ 
ing  of  the  devices  under  test. 

A  simplified  schematic  lor  the  static  test  circuit  is  included  in 
Figure  3-3.  (Tile  actual  test  box  developed  contained  all  of  its  own 
loads,  drive  signals  and  power  supplies. 

Schematics  of  the  switching  time  test  circuits  are  included  in 
figures  4-4,  4  3,  4-0  and  4-7.  Automatic  tests  were  not  implemented 
for  characterization  of  this  device  family. 

Test  Results  and  Data 

A  total  of  24  memory  core  drivers  were  bench  tested  at  =  23°C. 
Sample  test  data  of  devices  parameters  is  included  in  Table  4-2. 
resting  tile  53325  family  of  devices  is  straightforward,  requiring 
simple  load  circuits  and  TTL  type  test  conditions.  Testing  is 
complicated,  however,  by  the  large  combination  of  input  and  output 
cunt  iguratie'iis  required  by  the  device  under  test. 

1'ests  th.it  require  unusual  techniques  are  described  below: 

Salur  it  ion  "Voltage",  i 

V(SAT)  ts  measured  using  pulse  techniques.  The  manufacturers  data 
•'■heel  specific:  that  iw  =  200  us  with  a  duty  cycle  of  ^  2  .  The 
device  •  were  measured  over  a  range  of  repetition  rates  and  duty 
cycle..  file  measured  Vpp  ( SAT)  w;ls  relatively  insensitive  to  changes 
in  both  Lee  t  conditions.  (Refer  to  figure  4-8.  ) 

liiie  parameter  must  he  measured  at  the  DOT  pins  to  minimize  measure¬ 
ment  error. 


<v 


enerator  nas  the  following  c.oaracterist  ics 


tc  -  200nS, 


'OUt 


carbon . 

,  incl'cciin^  probe  and  capac ita 

ms  •  carbon . 


inn-  IrM  circuit  lor  Device  Typo  01 


r.ce  . 


to 


in«n*n‘n>n* 


Device  Tyoe  02 


rar.4U-3U«2u»«u.ou. 


+:-  •  50  ?f 

1 .  2 


N  iTP 

i;  jjO^CK, 
^TrnmXTi  >rT‘  n  ■  n  *J 


-fiTTiTf^n 4 

I — vvv— ^ 


Device  Tvoe  03 


es  •  i-  The  puj.se  generator  snail  have  the  following  characteristics 

0,Jt  0:  50  ohms  -  For  testing  V  (after  switching) 

.  RR  -  12.5k.Hz,  =  a0tiS  -  Formal!  other  tests. 

PP.P  -  1 . 2uf  ,  t„  i  2G0nS  . 

2.  C 1  -  5  'pF  *.  5'"'  (including  Jig  and  prone  capacitances). 

3-  ?L  '  nn.-.s  *  =•$  carbon  for  V~u  tests.  For  all  other  tests 
R-  -  2?  crn.s  *  X  caroon. 

•*.  lor.r.ect  71  to  7( Clan.p)  for  device  tyoe  2.  For  de.ice  type 
connect  7:-  to  7222. 

5.  ?*  3'  ohtr.s  •  5”,  i  device  type  2  only), 

inure  Swi  telling  l  ime  lost  Circuit  for  Device  Types  02  and  05 


Rep  Kate 
Duty  Cycle 


10 


V (SAT ) 

Rep  Rate 

Duty  Cycle 


V(SAT) 

Rep  Rate 
Duty  Cycle  = 


Figure  4-8 


Saturation  V>- J  t.igo  v-  l>ni\  ('vole 
for  5532'»  Ivvic. 


Switching  i.aa .  ac  1 1  r  i  ■  t  ie s  I  |-j  j j >  I  j  m 


The  following  guidelines  were  usi  d  t  o  >  n  ut'i  ao'.n  ..tv  and  1 e pc a  table 
switching  time  measurements: 


1., 


3. 


b . 


Mi's  t 
i>  ne 
Lor 
put 
i'u  t 


Test  circuits  were  built  on  ground  planes  to  minimise  induced 
noise  through  signal  return:  ad  i  ••  minimi  m-  circuit  indue  to  nee 

High  frequency  wiring  Leclm iipu-s  were  u-.eii  Lhreiigiiout  , 

All  power  supply  voltage  pin.  we  re  t»\p  :  •  a-,  close  to  t  hi¬ 
de  vice  under  test  (IH'tt  ..s  po.-  i!>  i.  !  i  ..apply  lines  wen- 

then  checked  for  noise  with  the  nr  |  -a:  i  l  eh  in  . 


anil  probes  wen-  selected  and.  \ii  il  ied  t-.  provide  an  overall 
oscilloscope  mease,  recent  1).  iir.lv.'  i  d  t  h  ot  1)0  ;  p  p  - .  i  litis  trans¬ 
lates  to  an  oscilloscope  r  i  -  -11  !  i'.is  •  •  i ^  1  ■> 

All  probes  were  adjusted  for  luv-pcr  on-  . . in 


The  time  skew  between  chair  c  i  : 
out. 


null,  il 


The  input  signal  to  the  K  1  was  tei  hi,'.;.,  1 1  -.,ui...i  i  Line 

reflections.  The  input  > i gn.i i  line  ;  made  is  hart  as 
possible  to  shorten  the  time  Iran  dariu  wii  i  cu  aiv  re  ideal 
reflections  might  occur. 


Supply  voltage--  were  caret  n  1  Iv  re.-.u  i  do!  ;  r  i  ■'imt-e  -wttihiu., 
time  measurement  errors  dm  to  -'..ply  .-.It  :  a.  v  i  r  i  :t  ion. 


ail  | e:  !  od  to r 


par.line  t  i-i 


:  1  I 


Load  capacitance  war 

o t  the  sw  l  tch  i.  n 
anomaly  was  discovered 
the  >J>32.'  devices.  As 


in  1  |  ip  me  i.‘  :.si  -  at 
liown  m  i  i  'aw  » -'l 
It  igh  initial  !  o,v 


ii  i  Lane.  . 

pi  .  1 1  ii  ,  however  , 
at  tiu.  source  outputs 
•  ■  n-  1 1  i  .  1 1 1  to  low  ;  t  - 

hut  ■  tuiden  Ly  1  latte  ns 
•i.  t  i'u  l  L  ran.-.  L  t  ion. 


transition  shows  a  very 
approx  im.i  Le  ly  10  ns  alter  t.h<  t  i  r  i 


As  the  totem  pole  driver  (consisting  o£  Q2 »  Q3  and  Q4)  changes  state, 
the  bias  voltage  across  the  emitter  junction  of  Q|  changes  from  the 
forward  direction  to  the  reverse  direction.  Reverse  recovery  action 
begins  in  the  emitter  of  Q^,  tending  to  discharge  Cf,  rapidly  through 
the  emitter  of  Ql  and  through  Q2.  After  recover,  is  cut  off  and 
Cl  is  left  to  discharge  through  Rj,.  Hence,  the  output  of  the  core 
driver  shows  a  two  slope  transition.  The  steep  initial  transition 
is  due  to  discharge  of  Cl  primarily  through  Qi,  and  the  flatter 
portion  of  the  transition  occurs  as  Cp  discharges  through  Rj_. 

A  similar  effect  could  occur  with  emitter  breakdown  of  during  a 
high  to  low  output  transition.  Further  work  is  needed  to  investigate 
the  exact  cause. 

4.6  Slash  Sheet  Development 

The  military  specification  (MIL-M-38510  slash  sheet)  on  memory  core 
drivers  was  developed  in  parallel  with  the  characterization  effort. 

As  the  test  circuits  and  procedures  were  proofed  out  in  the  taking 
of  device  data,  they  were  also  incorporated  into  the  slash  sheet. 

With  few  exceptions,  the  proposed  slash  sheet  Table  I  parameters  and 
limits  are  the  same  as  in  the  manufacturers  data  sheets.  Limit 
changes  were  made  only  to  switching  parameters.  An  anomaly  was 
observed  in  I’thI.  at  the  source  outputs  for  the  35325.  Further 
investigation  is  needed  to  fully  understand  the  cause. 

4.7  Conclusions  and  Recommendations 

Twenty-tour  generic  55325  series  memory  core  drivers  were  bench  teste 
at  CEOS .  The  devices  tested  in  a  predicatable  fashion  and  within 
manufacturers  limits  except  for  selected  switching  time  measurements. 
The  data  and  slash  sheet  parameters  and  limits  will  be  reviewed  bv 
interested  manufacturers  prior  to  issuance  of  MIL-M-38510/130 . 
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5 . I  Introduction 

CMOS  multiplying  digital  to  analog  converters  were  initially  introduced 
in  late  1973  by  Analog  Devices.  Since  then  these  devices  have  been  used 
in  many  applications  and  several  other  manufacturers  have  incorporated 
them  into  their  product  lines.  Table  5-1  shows  the  CMOS  multiplying  DA 
converters  to  be  specified  in  M1L-M-385 10/ 1 27 . 

Table  5-1.  Table  of  Device  Types  Specified. 


Device 

Gene  r  ic 

Manufacturer 

Multiplying 

D/A  Converter 

Type 

Type 

Code  * 

Desc  r ipt ion 

01 

AD7523S 

A.M 

8-bit 

res .  , 

8-bit 

lin. 

02 

AD  7  5  20  L’ 

A,M , 1 ,N 

10-bit 

res .  , 

10-bit 

lin. 

03 

AD7  52  UJ 

A » M  ,  I  ,  K 

12-bit 

res.  , 

1 0-bi t 

lin . 

04 

AD 7  54  IT 

A,  I 

12-bit 

res.  , 

12-bit 

lin. 

05 

AD7541T 

A,L 

12-bit 

res. , 

12-bit 

lin  .** 

06 

DAC1020LD 

V 

10-bit 

res.  , 

10-bit 

lin. 

07 

DAC1220LD 

12-bit 

res.  , 

10-bit 

lin. 

08 

0AC1218LD 

N 

12-bit 

res.  , 

12-bit 

lin. 

09 

DAC1220LD 

K 

12-bit 

res.  , 

12-bit 

lin.** 

*Manufacturer  Code 
A  =  Analog  Devices 
M  =  Micro  Power 
I  =  Intersil 

>,'  =  national  Semiconductor 

**Best  fit  linearity.  All  others  are  specified  with  end-point  linearity. 

Later  deleted  in  slash  sheet  per  agreement  reached  at  JEDEC  .IC-4J 
meeting,  1.2  Feb  81. 
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A  rvi- 01:1110 ud.it  ion  for  characterization  and  possible  slash  sheet  action 
was  nude  by  the  JC-4  1  Committee  to  RADC.  Some  device  features  which 
should  sustain  tliis  reconnenda t ion  are  as  follows: 

[.  First  monolithic  10-hit  0/ A  converter.  (AD7520) 

2.  Many  potential  applications  and  user  options. 

Oust  effective  with  other  competing  process  technologies. 

4.  Device  is  sourced  by  several  manufacturers. 

5.  Low  power  dissipation. 

u.  t’sage  i:i  military  systems  is  high. 

Description  ot  Device  Types 

'I'1;!-.  S  scries  ot  nult  i  plying  D/A  converters  are  fabricated  with  a 
deposited  t  .in  film  4-2 K  ladder  ovi  r  a  CMOS  integrated  circuit.  A 
t  Hint  ii.n, il  sciuM.uic  ot  .1  typical  circuit  is  shown  in  Figure  5-1. 


BIT  1  1MSB1  BIT  1  BIT  3  Bl  I  N  HSBI 

DIGITAL  INPUTS  IDT  L.  T  T  l  CMOS  COMPATIBLE 

K  i  jf.ii »  '-  .  '  ‘.i  >S  Multiplying  D/A  Converter 

i  tu  R-2:i  ladder  resistors  consists  ot  s  i  1  i  con-chromium  material 
arranged  to  provide  the  iii  tworw  shown.  In  one  vendor's  design, 
tin  s.  resistors  have  nominal  values  ot  In  K  ohms  and  20  K  ohms 
wit  ail  absolute  temper  at  ure  coil  I  icii'nt  01  approximately 
-i'li’  ppn/oC  and  a  tracking  tempo  r.i  t  ur>'  coefficient  ot  better 
than  1  ppm/oC. 

Win  .1  a  vo  i  t  age  is  applied  to  the  relerence  terminal  ot  tile  structure, 
the  precision  of  the  binary  division  of  current  is  governed  by  thi 
notching  of  the  resistors  and  the  drop  across  the  associated  switcho 

For  proper  oper  on  the  output  terminals  loutl  and  lout2  should 

he  as  close  to  nd  reference  as  possible.  The  CMOS  switches  of  the 

integrated  cir  t rue t ure  are  shown  schematically  in  Figure  5-2. 


Figure  5-2.  CMOS  Switch  Schematic 


» 
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With  the  application  of  a  DTL/TTL/CMOS  compatible  logic  signal,  two 
CMOS  inverters  assume  the  proper  states  to  drive  their  respective 
output  switches  such  that  one  is  "ON"  and  the  other  “OFF".  The  end 
result  is  that  the  sane  ladder  current  is  steered  in  either  direction. 

A  logic  "high"  input  results  in  an  loutl  switch  position  and  current 
flow. 

Most  applications  of  these  R-2R  ladder  and  switch,  networks  involve  an 
external  operational  amplifier  configured  as  a  current  to  voltage 
converter.  The  feedback  resistor  for  this  op  amp  is  one  of  the 
deposited  thin  film  resistors.  Figure  5-3  shows  how  both  devices  are 
connected  together  to  form  a  voltage  output  multiplying  DAC.  The 
digital  input  word  determines  the  states  of  all  of  the  bits  from  the 
MSB  (Most  Significant  Bit)  to  the  LSB  (Least  Significant  Bit).  All 
of  the  binary  currents  gated  through  logic  "1”  positioned  switches  flow 
through  the  feedback,  resistor  to  the  op  amp  output.  Therefore, 

Eo  =  -loutl  *  Rfb 

The  current  loutl  is  the  product  of  the  reference  voltage  and  the 
digital  binary  fraction  divided  by  the  R-2R  ladder  input  resistance. 

loutl  =  D  *  Eref/Zin 

where 

D  =  Bl*( 1/2)  +  B2*( 1/4)  +  B3*( 1/8)  +  ...  BN*(l/2  expN) 

B1  thru  BN  are  1  or  0. 


.1 

4 
.  4 

<  : 


For  the  more  common  2-quadrant  multiplication  application  of  an  8  bit 
device  as  shown  in  Figure  5-3,  the  relationship  between  digital  input 
and  analog  output  is  as  follows: 

iUgit.il  Input  ’  Analog  Output 


1111  1111 


-VREF  *  (1  -  1/2  exp  8)  =  -  VREF  *  (255/256) 


100(1  0001  -VREF  *  ((1/2)  +  (1/2  exp  8))  =  VREF  *  (129/256) 

1000  0000  -VREF  *  (1/2) 


nOOo  0001  |  -VREF  *  (1/2  exp  8)  =  -VREF  *  (1/256) 

1 

wt;0(j  0000  I  0 
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This  current  mode  DAC  has  an  output  impedance  which  varies  with 
the  input  digital  code  word.  Parasitic  output  capacitance 
interacting  with  this  variable  output  impedance  can  result  in 
poor  closed  loop  response  (either  reduced  bandwidth  or 
ringing).  A  compensating  capacitor  across  the  output  amplifier 
feedback  resistor  is  recommended.  Since  the  output  impedance 
varies,  the  noise  gain  of  the  output  op  amp  will  result  in  a 
variable  gain  to  noise  and  offsets.  The  op  amp  should  therefore 
have  low  offset,  low  offset  drift,  and  low  noise.  Also  grounding 
techniques  should  be  given  careful  consideration. 

5.3  Test  Development 

A  variety  of  devices  were  procured  from  three  manufacturers  as  shown  in 


Table  5.2. 

Table  5.2. 

Device  Types  for 

Characterizat ion. 

Generic 

Manufacturer 

Quantity 

Date  Code 

Type 

AD7523UD 

Intersil 

10* 

7947 

AD7523TD 

Intersil 

6* 

7947 

AD7520UD 

Intersil 

11* 

7947 

AD7520UD 

Analog  Devices 

15 

8006 

AD7520UD 

Analog  Devices 

10 

8019 

AD7521UD 

Intersil 

12* 

7947 

AD7521UD 

Analog  Devices 

7* 

8030 

AD7541KD 

Intersil 

15* 

7949 

AD7541TD 

Analog  Devices 

10 

8038,8021 

DAC 12  18 

National 

10* 

804  5 

*Data  was  submitted  with  the  devices. 


Much  of  the  test  development  for  the  CMOS  MDAC  characterization  originated 
with  the  work  done  in  characterizing  the  AD562  D/A  converters.  Many  of  the 
test  techniques  are  similar. 

CMOS  MDAC  Test  Parameters 

At  a  JC-41  meeting  in  August  1979  the  manufacturers  presented  a  proposed 
CMOS  MDAC  Specification.  A  list  of  parameters  is  shown  in  Table  5-3. 
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Table  5-3.  Test  Parameters  for  Characterization 


[ten 


No 

Symbol 

Test  Parameter 

i 

Ic.c 

Supply  Current 

2 

Iret 

Reference  Input  Current 

3 

I1L 

Digital  Input  Leakage  Current  (logic  0) 

4 

1IH 

Digital  Input  Leakage  Current  (logic  1) 

5 

IZS 

Zero  Scale  Current  (I0UT1  at  logic  0  input) 

6 

dlZS/d’f 

Zero  Scale  Current  Drift 

7 

IZS' 

Zero  Scale  Current  (I0UT2  at  logic  1  input) 

o 

fdVFS 

Gain  Error  (Full  Scale)  with  +10V  Reference 

9 

-dVFS 

Gain  Error  (Full  Scale)  with  -10V  Reference 

10 

dVFS/dT 

Gain  Error  Drift 

1  1 

+PSS 

Power  Supply  Sensitivity  (+  IV  change) 

12 

-PSS 

Power  Supply  Sensitivity  (-  IV  change) 

13 

hr. 

Linearity  Error  (End  Point) 

14 

LE(BF) 

Linearity  Error  (Best  Fit) 

1  3 

Met-:  . 

Major  Carry  Error 

lb 

i-Ti: 

Feedthrough  Error 

17 

tSLii 

Output  Current  Settling  Time  (low  to  high) 

13 

tSHL 

Output  Current  Settling  Time  (high  to  low) 

19 

Co 

Output  Capacitance 

20 

on 

Noise  (broadband) 

Test  parameter  items  1  through  15,  except  LE(BF)  were  setup  to  be  measured 
on  CEOS'  S-3270  Automatic  Tester.  All  of  these  parameters  are  static. 

The  static  test  circuit  is  shown  in  Figure  5-4.  This  circuit  is  very 
similar  to  the  one  used  in  testing  the  AD562  D/A  Converters.  There  were, 
however,  several  essential  differences  which  had  to  be  made.  Since  the 
CMOS  multiplying  D/A's  use'  a  variable  reference,  it  was  decided  that  data 
had  to  be  taken  for  several  reference  voltage  conditions.  These  conditions 
were  chosen  at  +  10  V,  -  10  V,  and  +  1.25  V.  A  Fluke  5100B  was  used  to 
generate  the  different  reference  voltage  levels.  The  16  bit  reference  D/A 
converter  was  remotely  located  from  the  adapter  through  a  ribbon  cable  so 
that  it  could  be  used  with  other  test  adapters.  In  order  to  maintain  voltage 
accuracy  at  the  adapter  U6  error  amplifier,  the  reference  D/A  output  buffer 
U4  has  its  output  to  feedback  connection  made  at  the  error  amplifier  output. 
Also  a  ground  driver  U2-U3  is  used  to  force  the  DUT  and  adapter  ground 
to  be  at  the  same  potential  as  the  external  reference  D/A.  The  I0UT1 
current  output  of  the  DUT  is  converted  to  a  voltage  by  means  of  op  amp  U5. 
Since  a  millivolt  of  op  amp  offset  voltage  at  10  volts  full  scale  causes  a 
0.01%  linearity  error,  it  is  important  that  this  offset  be  trimmed  out. 

In  other  words,  lout  1  and  Iout2  must  go  to  virtual  ground  and  output 
ground  for  proper  operation.  The  offset  adjustment  of  U5  is  done  with 
relays  K1  and  K4  energized.  For  any  digital  code  word  between  zero  scale 
and  full  scale,  the  test  circuit  and  software  are  mechanized  so  that  nearly 
equal  and  opposite  voltages  are  generated  by  the  reference  D/A  at  the  output 
of  U4  and  the  DUT  at  the  output  of  U5.  The  differences  between  these 
voltages  is  amplified  by  U6  with  a  gain  setting  of  100  V/V  and  appears  at 
adapter  output  pin  21. 

Since  the  reference  D/A  is  accurate  to  16  bits,  it  is  assumed  perfect  and 
any  error  is  charged  against  the  DUT.  The  inverted  voltage  output  of  the 
DUT  D/A  at  U5  is  determined  indirectly  as  follows: 

EDUT  =  Eo/'G  -  EREF  D/A 

EDUT  =  -Eo/100  -  10(N)/2  exp  B 


where 


G  =  -100  V/V  is  the  error  amp  gain 

N'  =  decimal  equivalent  of  the  input  digital  code  word 
B  =  number  of  bits 

An  inspection  of  the  static  test  circuit  shows  that  if  the  measured  output 
voltage  is  positive,  EDUT,  although  negative  in  polarity,  has  a  greater 
magnitude  than  EREF  D/A.  Consequently,  the  DUT  output  has  a  positive 
scale  error  with  respect  to  the  Reference  D/ A. 

The  imaginary  non-inverted  value  of  the  DUT  D/A  can  then  be  written  as 


EDUT'  =  Eo/100  +  1 0 ( N ) / 2  exp  B 


If  a  12  bit  MDAC  at  full  scale  had  a  measured  adapter  output  Eo  of  0.1 
volts , 


EDUT'  =  0.1/100  +  10(4095)/4096 
EDUT'  =  0.001  +  9.99756  V 
EDUT'  =  9.99856  V 

The  full-scale  error  of  the  device  in  %  can  be  determined  from 


+dVFS  =  f(-Eo(FS)/Gl)/9. 99756]  x  100% 
-fdVFS  =  [(Eo(FS)/100)/9. 99756]  x  100% 
+dVFS  =  0.1  Eo(FS)  %  VFS 


+dVFS  =  (0.1)(.l)  =  +  0.01%  VFS 


In  millivolts  the  full-scale  error  is  +  dVFS  =  0.01%  of  10,000  mV  =  1  mV. 
The  linearity  error  of  the  OUT  output  transfer  characteristic  from  zero 
scale  to  full  scale  is  perhaps  the  most  important  parameter  to  be  measured. 
For  characterization,  GEOS's  procedure  has  been  to  measure  the  adapter 
output  error  for  all  digital  input  codes.  Thus  for  a  12  bit  converter  nU9b 
discrete  measurements  are  required.  Automatic  calculations  are  then  done 
to  determine  the  deviation  of  each  DUT  output  point  from  a  straight  line 
between  the  DUT 's  zero  scale  and  full  scale  end  points.  Figure  5-5  shows 
the  transfer  characteristic  of  a  hypothetical  poor  device  compared  to  an 


ideal  device. 
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Figure  5-5.  CMOS  MDAC  Transfer  Characteristic. 
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i  ■ : Re  suits  and  Da  t  .1 

(."naraoteri.Tut  ion  data  was  taken  on  twenty  10-bit  devices  from  two 
vendors  and  l  it  teen  Id-bit  devices  iron  three  vendors.  Each  device 
was  sequentially  tested  tor  all  parameters  at  25oC,  -55oC  and  125oC. 
The  data  was  recorded  in  severat  ditterent  forms  as  follows: 

1.  A  dedicated  sheet  for  each  device  showing  all  parameters 
at  al 1  Lemperat ores. 

d.  A  comparison  oi  i.  no  parameters  of  ten  devices  at  one  temperature 
on  ,i  sheet  . 

i.  I'ar.u inter  lei  stograms  ot  al  l  devices  at  each  temperature. 

4.  '-’lots  o',  device  hit  linearity  error  vs  applied  digital  input 
O  >  *  d  e  • 

5.  Individual  deviii  histograms  of  hit  linearity  error  vs  frequency 
ot  occurrence. 

The  complete  collection  ot  data  was  published  by  GEOS  in  a  handbook 
en  t  i  1 1  i'il : 

Ghar.ict  or  i  za  t  ion  Data  tor  Ml  1,-R-3W510/  1 11  CMOS  Multiplying 
i)A  Converters  ( AD7  Ado  f.  DAC  1020  Series) 


Representative  data  sheets  are  shown  in  this  report  as  follows: 
Table  5-4  Typical  Mfr.  Code  A  Device  Data  Sheet 

Table  5-5  Typical  Mfr.  Code  B  Device  Data  Sheet 

Table  5-6  Typical  Mfr.  Code  C  Device  Data  Sheet 

Table  5-7  Mfr.  Code  A  Data  (10  devices  at  25oC) 

Table  5-8  Mfr.  Code  B  Data  (10  devices  at  25oC) 

Table  5-9  Mfr.  Code  C  Data  (10  devices  at  25oC) 

Figure  5-10  Histogram  of  Gain  Error  (20  devices) 

Figure  5-11  Linearity  Error  Distribution  Histogram 
Figure  5-12  Linearity  Error  vs  Input  Code  Plot 

Figure  5-13  Linearity  Histogram  at  Vref  =  +  10  V  for  S/N  2 

Figure  5-14  Linearity  Histogram  at  Vref  =  -  10  V  for  S/N  2 

Figure  5-15  Linearity  Histogram  at  Vr£f  =  1*25  V  for  S/N  2 

Figure  5-16  Linearity  Plot,  at  Vcc  -  V 

Figure  5-17  Linearity  Plot  at  Vcc  --  ■  ?  V 


V-13 


5-5  Discussion  of  Data 


The  characterization  data  in  all  forms  was  reviewed  to  see  how  well 
it  compares  to  the  original  limits  proposed  by  the  JC-41  Committee. 
A  discussion  of  this  data  on  a  parameter  by  parameter  basis  follows 

Power  Supply  Current  (Icc) 


The  power  suppLy  current  is  much  less  than  the  indicated  100  uA  limits 
when  the  digital  inputs  are  at  0  V  or  Vcc  respectively.  GEOS'  data 
for  these  conditions  is  wrong  because  in  making  the  measurements, 
full-scale  was  set  at  the  100  uA  recommended  limit  while  the  actual 
current  was  typically  less  than  1  uA.  As  a  consequence  the  machine 
accuracy  and  offset  error  swamped  out  the  reading  to  be  measured.  This 
data  was  retaken  on  the  bench  and,  except  for  one  device,  all  values 
were  less  than  1  uA.  When  the  digital  input  levels  were  set  at  the 
0.8  V  to  2,4  V  TTL  compatible  levels  the  supply  current  increased 
s ign i i icant ly,  thus  indicating  more  leakage  in  the  OFF  transistors  of 
CMOS  switches  At  -55°C  several  vendor  code  B  devices  just  exceeded 
the  2  m\  max imam  Limit.  GEOS  recommends  that  the  -55° C  limit  be 
raised  to  2.5  .nA . 

Re  i_e  r  ■.  nee  Current  (IKEF(+)  ,  I  REF  (-) ) 

All  of  the  data  was  between  0.8  and  1.3  mA  compared  to  the  0.5  to  2  mA 
limits .  This  current  reflects  the  value  of  tile  .  iaar.er  network. 

Digital  input  Leakage  Current  (Ipg>  Ipjj) 

The  individual  device  sheets  were  set  up  to  indicate  PASS  or  FAIL  to 
summarize  the  results  if  any  of  the  ten  or  twelve  digital  inputs  had 
a  failure  No  failures  were  recorded  and  the  histograms  indicated  a 
spread  between  0  and  43  nanoamperes. 

Zero  Scale  Current  (Iyg,  lys ') 

Typical  device  data  was  much  less  than  the  recommended  limits  of 
f/-  200  nA .  Except  for  one  maverick  device  which  measured  -149.5  nA 
at  1.2 5" C,  all  other  data  was  between  -11  nA  and  0.  GEOS  recommends 
that  the  limits  be  reduced  to  100  nA.  It  is  believed  that  the  single 
untypical  value  could  be  a  measurement  error  because  it  does  not  agree 
with  submitted  vendor  data. 
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Zero  Scale  Current  Drift  (dIZS/d:) 

A  review  of  the  data  indicates  that  limits  of  +/-  400  pA/°C  would  be 
reasonable.  There  was  no  JC-41  recommendation  on  this  parameter. 

Full  Scale  Error  (+  dVFS,  -  dVFS) 

The  distribution  of  data  between  -  45.6  mV  and  17.6  mV  was  well  within 
the  100  mV  recommended  limits. 

Full  Scale  Error  Drift  (dVFS/d  ) 

All  of  the  data  is  within  the  10  ppm  VFS/V  limits. 

Power  Supply  Sensitivity  (+  PSS,  -  PSS) 

The  distribution  of  data  is  very  much  tighter  than  the  recommended 
limits  of  ‘  100  ppm  VFS/V.  CEOS  recommends  that  these  limits  be 
reduced  to  50  ppm  VFS/V. 

Linearity  Error  (LE) 

Linearity  error  is  one  parameter  which  cannot  be  negotiated.  The 
linearity  has  to  be  within  1/2  LSB  to  meet  the  stated  accuracy 
requirement.  Most  of  the  data  is  well  within  the  ±  1/2  LSB  limits. 
Figure  5-12  shows  how  the  linearity  for  a  typical  device  varies  with 
its  input  code.  Figures  5-13,  5-14  and  5-15  show  the  linearity 
histograms  oi  one  device  (S/N  2)  with  Vjyrp  =  +  10  V ,  -  10  V  and 
+  1.25  V  respectively.  Because  of  the  apparent  independence  of 
reference  voltage  level  the  specification  requirement  to  test  at  all 
three  levels  may  be  reduced  to  testing  at  +  10  V  only. 

Feedt (trough  Error  (FTE) 

All  of  the  data  for  devices  from  vendors  A  and  B  were  under  8.5  mVpp. 
These  devices  are  within  their  10  mVpp  limit.  Vendor  Code  C  devices 
had  feedthrough  errors  as  high  as  19  mVpp.  These  devices  satisfy 
their  25  mVpp  limit. 

Output  Current  Settling  Time  (tSLH»  tg^L) 

All  devices  had  data  values  within  the  recommended  1  usee  maximum 
limit . 


Output  Capacitance  ( go ) 

All  novice  data  .;ati.;:‘ioa  th  ■  .r  >41  committee  h,  rseonanunoeG  limits. 
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f.lush  f.Ueo  t  Levels, 

I'he  slash  sheet ,  MiL-M-  3t>5i  c/127,  was  developed  as  a  joint  effort  of  GEOS 
and  the  Jc-^l  joDurd  t  lee -Subcommittee .  The  majority  of  the  test  parameters 
were  established  early  in  the  slash  sheet  development  in  a  JC-^l  Subcom¬ 
mittee  meeting.  One  major  change  has  been  the  deletion  of  +  5V  as  a  rec- 
commended  operating  supply  voltage.  All-codes  data  taken  on  a  7520  device 
from  vendor  A  showed  excessive  linearity  errors  and  differential  linearity 
errors,  especially  at.  *123°C.  A  comparison  of  one  such  sample  of  data 
taken  at  two  supply  voltages  is  shown  in  the  Appendix,  Table  5-16  and 
Table  3-17-  GEOS'  recommendation  to  limit  operating  voltage  to  +15  volts 
was  adopted  by  the  JC-^l  committee. 

A  major  goal  of  the  characterization  was  to  develop  an  abbreviated  test 
for  linearity.  Initial  all-codes  testing  of  the  7520  linearity  error 
showed  that  the  abbreviated  test  used  for  the  562  12-bit  d/A  Converter 
specified  in  MIL-M- 38510/121  was  invalid  for  the  7520,  since  it  did  not 
find  the  worst  case  codes  having  maximum  linearity  error.  The  following 
approach  to  an  abbreviated  Lest  was  developed  by  G£  and  is  proposed  for 
the  slash  sheet  1 

1.  Measure  all  combinations  of  the  four  MSB's  with  the  lower  order 
bits  OFF- 

2.  Measure  each  of  the  lower  order  bits  with  the  four  MSB's  OFF. 

3*  Determine  the  code  word  with  the  most  positive  predictable  error 
based  on  the  above  tests,  and  measure  that  error.  Repeat  this 
measurement  but  with  all  lower  order  bits  complemented  one  at  a 
time . 

Repeat  the  third  group  of  tests  above,  but  with  the  most  negative 
'  predictable  error  codes. 

This  abbreviated  test  is  done  in  Group  A  at  three  temperatures.  An  all¬ 
codes  test  at  three  temperatures  is  also  required  on  a  sample  basis  in  the 
slash  sheet. 

This  device  is  used  as  a  multiplying  DAC  in  many  applications.  Therefore, 
it  is  also  necessary  to  test  its  ability  to  convert  digital  inputs  with  a 
negative  reference  voltage  applied.  GE  has  characterized  the  7520  device 
at  three  refence  voltage  levels:  +10V,  -  10V,  and  +  1*25  V.  Linearity 
errors  are  comparable  at  all  three  reference  levels,  although  in  many  cases 
the-  error  is  slightly  greater  at  minus  ten  volts  than  at  plus  ten  volts. 

In  order  to  guarantee  the  performance  for  both  polarities,  the  abbreviated 
test  is  also  required  to  be  run  at  both  plus  and  minus  10  volt  levels, 
and  at  .  1.23  volts,  r his  requirement  will  be  further  negotiated  with  the 
JC-l+1  committee. 

Table  I,  Electrical  Performance  Characteristics,  MIL-M- 38510/127,  is 
included  in  the  following  for  reference. 
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5*7  Conclusions  and  Recommendations 

The  7520  10-bit  DAC(and  the  7523  8-bit  DAC  which  is  manufactured  using  the 
7520  chip)  has  been  characterized  and  is  judged  suitable  for  use  in  mil¬ 
itary  systems  when  procured  via  MIL-M  38510/127.  Device  manufacturers 
will  review  the  characterization  data  and  proposed  slash  sheet  before 
the  issuance  of  the  final  slash  sheet. 

The  7541  12-bit  DACs  have  not  yet  been  fully  characterized  at  the  time 
of  writing  of  this  report.  That  effort  will  be  completed  and 
integrated  into  the  final  released  specification. 
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Figure  5-10.  Histogram  of  Gain  Error. 
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Table  I.  Electrical  performance  characteristics.  1/ 


Characteristic 

Symbol 

Conditions 
Vcc  =  +  15V, 
paragraph  3.< 

Vref  »  +  10V, 

\  and  Figure  7. 

Device  Limits  Units 
Type  Min  Max 

Supply  current 

lee 

All  digital 

inputs 

at 

OV 

All 

100 

uA 

from  Vcc 

All  digital 

inputs 

at 

Vcc 

All 

100 

uA 

All  digital 

inputs 

at 

0.8V 

All 

2 

mA 

All  digital 

inputs 

at 

2.4V 

All 

2 

mA 

Reference  input 

Iref 

All  digital 

inputs 

Vref=  10V 

All  0.5 

2 

mA 

current 

at  Vcc 

I0UT1  and  IOUT2 

Vref =  -10V  All  -2  - 

-0.5 

mA 

grounded 

Digital  input 

I1L 

All  digital 

inputs 

at 

OV 

01-05  -1.0 

1.0 

uA 

leakage  current 

All  digital 

inputs 

at 

0.8V 

06-09  -200 

1.0 

uA 

IIH 

All  digital 

inputs 

at 

Vcc 

01-05  -1.0 

1.0 

uA 

All  digital 

inputs 

at 

2.4V 

06-09  -1.0 

100 

uA 

Zero  scale 

IZS 

All  digital 

inputs 

at 

0.8V 

All  -200 

200 

nA 

current 

IZS' 

All  digital 

inputs 

at 

2.4V 

All  -200 

200 

nA 

Zero  scale 

dIZS/dT 

All  digital 

inputs 

at 

0.8V 

All  (later)  pA/°C 

current  drift 

Full  scale 

+dVFS 

All  digital 

inputs 

at 

Vcc , 

All  -1 

1  %VFS 

error 

I0UT2  at  0V, 

.  Vref 

=  +10V 

-dVFS 

As  above  with  Vref 

s 

-10V 

All  -1 

1  %VFS 

Full  scale 

dVFS/dT 

Change  in  +dVFS  from  • 

-25°C  to  All  -10 

10 

ppm 

error  drift 

125°C  and  from  25°C  to  -55°C 

VFS/°C 

Power  supply 

+PSS , 

All  digital 

inputs 

at 

Vcc; 

All  -100 

100 

ppm 

sensitivity  at 

-PSS 

I0UT2  at  0V 

VFS/V 

full  scale  from 

VCC  -  +  14V 

to  +16V 

Vcc. 

Measured  at  IOUT1  and  1 

Rf 
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Table  I.  Electrical  performance  characteristics.  1/  (continued) 


Conditions : 

Characteristic  Symbol  Vcc  =  +  15V,  Vref  =  +  10V,  Device  Limits  Units 

paragraph  3.4  and  Figure  7.  Type  Min  Max 


01  -0.2  0.2  %VFS 

Linearity  error  LE  Measure  the  following: 

(end  point)  1.  All  combinations  of  the  - 

2)  most  significant  four  bits  02  -.05  .05  %VFS 

with  the  lower  order  bits 

turned  off.  - 

2.  The  individual  lower  bits  03  -.05  .05  2VFS 

with  the  most  significant 

four  bits  turned  off.  - 

3.  The  code  word  with  the  most  04  -.012  .012  %VFS 

positive  combination  of 

bits  in  groups  1  &  2  above.  - 

4.  The  code  words  derived  from  05  -.012  .012  %VFS 

group  3  with  all  lower 

order  bits  complemented  - 

one  at  a  time.  06  -.05  .05  %VFS 

5.  The  code  word  with  the  most 

negative  combination  of  - 

bits  in  groups  1  and  2.  07  -.05  .05  %VFS 

6.  The  code  words  derived  from 

group  5  with  all  lower  - 

order  bits  complemented  one  08  -.012  .012  %VFS 
at  a  time. 

7.  Groups  l  through  6  with  - 

Vref  =  -10V.  09  -.012  .012  %VFS 

8.  Group  1  through  6  with 
Vref  -  1.25V. 

9.  Group  A  sample  -  all 
code  combinations  of  the 
digital  input  bits. 


Bit  linearity  LE  (BF)  If  any  end  point  linearity  05,  -.012  .012  %VFS 
errors  tests  fail,  certain  devices  09 

(best  fit)  may  be  tested  to  a  best  fit 

criteria.  The  vendor  shall 
specify  the  criteria  (i.e.  3/4 
or  7/8  scale  adjustment)  and 
repeat  all  of  the  linearity 
tests. 


Table  I.  Electrical  performance  characteristics.  1/  (continued) 


Characteristic 

Symbol 

Vcc  *  +  15V,  Vref  -  +  10V, 
paragraph  3.4  and  Figure  7. 

Device  Limits  1 
Type  Min  Max 

L'n  i  t  s 

Major  carry 
errors 

(differential 

linearity) 

MCE 

The  difference  between 
adjacent  codes  at  all 
major  transitions. 

(i.e.  from  01111111 
to  10000000) 

01  -0.4 

0.4 

XVFS 

02,03  -0.1 
06,07 

0. 1 

XVFS 

04,05  -.025 
08,09 

.025 

XVFS 

Feedthrough 

error 

FTE 

Vref-20Vpp,  100kHz  and  all 
digital  inputs  low.  TA=25°C 
Group  D  only.  See  Figure  8. 

01-05  - 

10 

mVpp 

06-09  - 

25 

mVpp 

Output  current 
settling  time 
(to  1/2  LSB) 

tSLH 

All  inputs  switched  simul¬ 
taneously,  low  to  high  and 
high  to  low  .  TA-25°C. 

See  Figure  9.  3/ 

All 

1 

usee 

tSHL 

All 

1 

usee 

Output 
capaci tance 

Co 

All  digital  inputs  at  Vcc 

See  Figure  10.  Co  at  10UT1 

TA  -  25°C  Co  at  IOUT2 

All 

All 

200 

75 

PF 

pF 

Output 

capacitance 

Co 

All  digital  inputs  at  0V 

See  Figure  10.  Co  at  10UT1 

TA  -  25°C  Co  at  I0UT2 

All 

All 

75 

200 

pF 

PF 

Noise 

en 

The  single  source  of  noise 
is  the  resistor  network, 
which  characteristically 
has  Johnson  or  thermal 
noise.  4/ 

All  6.5 

40  1 

Kohm 

Notes : 

1/  See  definitions  as  described  in  6.5. 

2/  Linearity  is  specified  to  be  within  +/-  1/2  LSB. 

Thus 

3/ 


4/ 


an  8  bit  device  with  a  10V  reference  must  have  end  point 
linearity  to  within  1/2  of  ( 100XVFS/2exp8)  -  0.195  XVFS  or  0.2  XVFS. 
For  each  device  type,  output  current  settling  time  is  the  duration 
from  the  digital  input  transition  until  the  output  for  a  10V  analog 
l f' put  transition  s  within  1/?  LSR  of  final  value 
Tre  R-2R  resistor  network  has  Johnson  or  thermal  noise.  Noise  at 
the  OUT  output  is  related  t«.  the  noise  resistance  value  according  to 
en  -  SQR( 4KTRn(BW) ) 


where  K  -  Boltzmann's  constant  ■  1.38*E-23  joules/°K 
T  -  Absolute  temperature  in  °K 
Rn  -  Rf(l+Rf/Ro)  changes  with  Ro  and  the  digital  code  word 
BW  -  Bandwidth  in  Hertz. 


ja. 
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of 

Rome  Air  Development  Center 

HAOC  plant,  and  execute*  research,  development,  tut  and 
*  eluted  acquisition  programs  in  support  of  Command,  Control 
Communications  and  Intelligence  (C3 I)  activities.  Technical 
and  engineering  support  within  areas  of  technical  competence 
is  provided  to  ESP  Program  Offices  IPOs)  and  other  ESP 
elements.  The  principal  technical  mission  areas  are 
communications ,  electromagnetic  guidance  and  control,  sur¬ 
veillance  of  ground  and  aerospace  objects,  intelligence  data 
collection  and  handling,  information  system  technology, 
ionospheric  propagation,  solid  state  sciences,  microwave 
physics  and  electronic  reliability,  maintainability  and 
compatibility. 


